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Hematological diseases: continuous clinical entities
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CHIP, Clonal hematopoiesis of indeterminate (clinical) potential. ICUS, Idiopathic cytopenia of unknown significance. IDUS, Idiopathic dysplasia of unknown significance. CCUS, Clonal cytopenia of unknown significance. MDS, Myelodysplastic syndromes. PMF,
Primary Myelofibrosis. BMF, Bone Marrow Failure syndromes. AA, Acquired Aplastic Anemia. AML, Acute Myeloid Leukemia.



The long walk of BMF
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BMF —a complex classification
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Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705.



Immune-mediated BMF — many points of view
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Immune-mediated BMF — different responses

* In normal hemopoiesis, immune system & &
. . %d\ ~<\®
is fine-tuned. iy .

* |In immune-mediated BMF, various
combinations of cell subset and cytokine
derangement cause a wide range of
clinical manifestations.

* Mainly Thl-mediated immune responses  ["0uaoy
and cytotoxic CD8+ T cell-mediated
autologous immune attack against HSCs.
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* Hematological recovery of blood counts e
after immunosuppressive therapies (ISTs) factors | %%
is one of the strongest evidence for the -
immune-mediated pathogenesis. responses | '1‘
Clonal &

hemopoiesis
Patel BA, Giudice V, Young NS. Best Pract Res Clin Haematol. 2021 Jun;34(2):101276. _ _ P




Back in “90s \

* An unknown viral infection
affecting stem cells might cause
cross-reactivity with self-
antigens and subsequent
autoimmune clone expansion.

* Infected cells preferentially
trigger T helper (Th) 1 response,
the predominant CD4+ T cell
subset involved in viral
clearance through activation of
cytotoxic T cells (CTLs) via
interferon-y (IFNye or tumor
necrosis factor-a (TNF-a).

* CTLs expand and directly kill
cells also through Fas-ligand
(FasL) secretion.

Young NS. JAMA. 1999 Jul 21;282(3):271-8.

T-cell

differentiation

Mycobacterium
phagocytosis

1)
!ﬁi differentiation
i

T naive
IFNy, TNFa
Effector T-cell
activation . .

Pathogen particle

and cellular
® component release
e S TN
GzmB
IL-17, 1L-22 o @ .
O @: :o
IVFN,Y o @

T cell
(effector)

Infected
cell death

Giudice V, Risitano AM, Selleri C. Front Med (Lausanne). 2021 Nov 4,8:757730.




New perspectives

* The scenario is even more complex than
thought!

* Predominant role of CTLs in marrow
destruction, and type | interferons (IFNs)
polarizing the immune system toward
Th1 responses.

e Effector memory CD8+CD28-CD57+ T

lymphocytes are frequently expanded in
BMF and could mediate BM destruction.

* CD4+CD25highFoxP3+ T regulatory cells
(Tregs) are decreased, while Th17 might
be expanded in severe AA.

Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705.
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Back in “90s... the predominant role of IFN-y

Fas
AR

ligand WL 5 S
§ \

CytotoXic % — |EN-v —> = p— / IFN-y
Eglymphocyte i :lj Hematopoietic | -~ U\ /
cell C. \>

T o \ »
™ TNF . & A i IRF-1 e

Interleukin-2 >
e 5 VN N
| receptor }
o g ANOS U
" IFN-y D v Transcription |
) receptor “ yCell cycling \ C
¢ Expansion Fas -

R of Tcall receptor 7 NO

o clones »\ Apoptosis /\

N {_'_/’.< Toxicity for

other cells

Selleri C, et al. J Cell Physiol. 1995 Dec;165(3):538-46.



IFN-y: the principal BM blocker
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TABLE 2. Effects of TNF-ot and [FN-y on the maintenance
of LTCIC in LTBMC'

Control IFN-y TNF-a IFN-y + TNF-a

No. of LTCIC

per 10° cells 18 + 4 8§+4 12+3 3.6:+5
No. of LTCIC

per culture 136 + 12 18 +8 51 =13 10 = 10

'"Numbers represent results from six independent experiments. Each culture
was performed in duplicate. IFN-y and TNF-o were added together with fresh
media at concentrations of 1,000 U/ml and 10 ng/ml per week, respectively.
Paired ¢ test: control vs. [FN-y P < .001; control vs. TNF-a P < .001; TNF-« vs.
[FN-y + TNF-a P < .01; [FN-y + TNF-a vs. IFN-y P < .01.

TABLE 3. Effects of TNF-a and IFN-y on the capability of CD34'
cell population to generate LTCIC in LTBMC*

Control IFN-y TNF-a
No. of LTCIC per
1 x 10° 49 + 4 6 2 21 +3
5 x 10° 28 £ 3 31 153
L 107 6 = 2 0 2t
5 x 102 32 0 0
1 X 10? CD34" cells 1.+ 1 0 0

'Values represent mean numbers + SD of LTCIC. A total of two experiments
were performed. Each experiment was performed in triplicate. Decreasing num-
bers (10%, 10°, 10? cells per well) of CD34" cells (89% and 95% purity) were
plated on preformed irradiated allogeneic stroma. IFN-y and TNF-o were added
together with fresh media at concentration of 1,000 U/ml and 10 ng/ml per week,
respectively.

Selleri C, et al. J Cell Physiol. 1995 Dec;165(3):538-46.




IFN-v: the «kill-me» inducer on HSCs
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Back in “90s... the predominant role of IFN-y

Table 1. Deregulated cytokines in acquired aplastic anemia (AA).
ILs Chemokines IFNs/TNFs Growth Factors Others
IL-2
IL-8
e CXCL10 IFN-y & GDEF-15
Increased IL-17A CCL20 TNEa 1B ST
IL-18 EPO
IL-21
IL-23
CELS CD40L
CCL11 SELL
Decreased it:: CCL17 \ZCSJF DKK1
EXELS c-Mpl
CXCL11 Hepcidin
€2
I1-1Ra el s HGF S;OOAS
RIS IL-6 = (or slightly reduced) S
CXCLI ’ S100A8/A9
CXCL11
Abbreviations. ILs, interleukins; IFNs, interferons; TNFs, tumor necrosis factors; CCL, CC chemokine ligands; CXCL, C-
X-C motif chemokine; G-CSF, granulocyte colony-stimulating factor; TPO, thrombopoietin; EPO, erythropoietin; EGC,
epidermal growth factor; VEGEF, vascular endothelial growth factor; HGF, hepatocyte growth factor; GDF, growth differ-
entiation factor; SELL, L-selectin; DKK1, Dickkopf-related protein 1; c-Mpl, thrombopoietin receptor.

Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705.



New perspectives and biological features

* IFN-y and TNF-a are historically implicated in AA pathogenesis; however, several other proteins might

be involved.
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Giudice V, et al. Exp Hematol. 2018 Dec;68:38-50.
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Digging in the mine of BMF data

Knowninteractions

—— From databases

—— Experimentally
determined

Predicted interactions
—— Gene neighborhood

Highlighted pathways

’ Immune response

. Coagulation
’ Regulation of apoptotic process

. TCR signaling

(- Wht signaling

. Others

o Ras signaling

o HIF-1 signaling

. Cytokine-cytokine receptor
. NF-kB signaling

@ Jak-STAT signaling

Giudice V, et al. Exp Hematol. 2018 Dec;68:38-50.
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Before — after therapy

Treatment-modified proteins
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Pathways in CR and PR

Before — after therapy
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Proteins and pathways in NR
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Protein profiling in C
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Protein profiling in NR / PR
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IFN-y: from new to old-fashioned molecules

IFN-y-related pathways
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IFN-y: from new to old-fashioned molecules

HIF-1 signaling pathway
Pathways in cancer
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IFN-y: from a different point of view - LGL

o

Pro-apoptosis genes

Anti-apoptosis genes
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argeting IFN-y pathways — JAK1/2

Regular Article

HEMATOPOIESIS AND STEM CELLS

Efficacy of JAK1/2 inhibition in murine immune bone
marrow failure

Emma M. Groarke, Xingmin Feng, Nidhi Aggarwal, Ash Lee Manley, Zhijie Wu, Shouguo Gao, Bhavisha A. Patel, Jichun Chen, and
Neal S. Young

Groarke EM, et al. Blood. 2023 Jan 5;141(1):72-89.



argeting IFN-y pathways — JAK1/2 & cytokines
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argeting IFN-y pathways — JAK1/2 & pathways
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argeting IFN-y pathways —JAK1/2 & genes

Putative gene network interactions with the dysregulated
genes in CD8+ T cells from Ruxolitinib-treated BMF mice
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Ruxolitinib Eltrombopag

R. Magritte, 1966, Décalcomanie
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argeting IFN-y pathways — TPO
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Tarantini F, et al. Front Pharmacol. 2022 May 23;13:906036.

Disease

SAA

MDS
and AML

argeting IFN-y pathways — Growth factors

ELT effects

® bi- or tri- lineage hemopoiesis induction
e HSCs survival promotion (removing INF-y inhibition on the

TPO-TPO-R axis)
HSCs fitness improvement (through iron chelation)

e recovery of BM fitness (through serum ferritin levels

reduction)
T helper cells increase and T effector cells reduction as
in [TP?

megakaryopoiesis improvement

antileukemic effects related to iron chelation
pro-apoptotic signaling activation through ROS modulation
cellular differentiation induction

clonal evolution induction as in SAA?

impaired hematopoiesis rescue

e human CMV replication inhibition
e recovery of BM fitness (through serum ferritin levels

reduction)
possible use in GvHD without affecting GvL?
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Conclusions and future perspectives (1)

* Acquired BMF syndromes are considered immune-mediated disorders
because hematological recovery after immunosuppressive therapies
is the strongest indirect evidence of the involvement of immune cells
in marrow failure development.

* Predominant role of CTLs in marrow destruction, and type |
interferons polarizing the immune system toward Thl responses;
however, other T cell subsets are involved.

* IFN-y and TNF-a are historically implicated in AA pathogenesis.

* Exogenous and stromal cell-produced IFN-y inhibits HSPC growth and
reduces self-renewal of HSCs probably impairing TPO signaling
pathways. In addition, IFN-y directly suppresses erythropoiesis by
blocking HPSCs at the earliest stages of differentiation.



Conclusions and future perspectives (2)

* Currently used immunosuppressive therapies might exert their clinical
efficacy by directly blocking T cell differentiation and by indirectly
interfering with type | IFN responses.

* TPO receptor agonist eltrombopag efficacy might be related to: (i) a
direct HSC growth stimulation; (ii) indirect immunomodulatory
effects; and (iii) a decoy IFN receptor function.

* JAK1/2 inhibitors are promising therapeutic approach for AA mainly
because of their immunomodulatory and anti-inflammatory effects by
modulating pro-inflammatory cytokine production.

* IFN-y still remains the central cytokine driver of acquired BMF
syndromes.
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